placed under the U.V. light and after fifteen minutes it was possible to see the bands of lCD as the non-fluorescent TPN was enzymatically reduced to fluorescent TPNH. Bands of equal widths were cut out of the gel ensuring that all the rCD activity was removed and the pieces were frozen and thawed. The enzyme solution was expressed by squeezing the thawed gel and the activity was estimated by spectrofluorimetric measurement of TPN reduction in a reaction mixture similar to that suggested by Bowers (1959) .
Under these conditions two bands of activity in both heart and liver extracts were found, the faster components having about half the mobility of albumin. The fast and slow components from the two tissues had similar mobilities. In the enzyme from liver there was a preponderance, in the ratio 5: 1, of the fast moving band, but in heart there was a greater proportion of the slow moving band. Portions of saline extracts from heart and liver were preincubated at 37°for four hours and then submitted to electrophoresis in parallel with portions of the same extracts which had not been so incubated. It was found that in both cases the ratios of fast to slow components were very much increased by incubation at 37", and the most likely explanation of this would appear to be that in either tissue the slow moving component is more heat labile.
In view of the greater instability to heat of the slow moving ICD isoenzymes it is likely that activity is lost during electrophoresis resulting in an under estimation of the activity of this band; i.e. the in vivo proportions of the heart isoenzymes are probably greater than the 3 : 1 ratio found in these experiments.
Since the apparently more heat labile isoenzyme predominates in heart tissue the inability to demonstrate lCD activity in serum following myocardial infarction could result from the rapid destruction of this major component. A comparable loss of the slow component of the liver enzyme would have less effect on total activity. Strandjord, Thomas and White (1959) , showed a transitory rise of serum rCD in dogs following experimental myocardial infarction. The level returned to normal in about seven hours. Neither nephrectomy nor hepatectomy delayed the return of the serum enzyme level to normal within ninety minutes after infusion of purified heart lCD, showing that liver and kidney were not responsible for eliminating ICD from the circulation.
Although in both tissues the slow component is apparently more unstable, some results seem to suggest that the degree of instability of this isoenzyme differs between heart and liver.
Michaelis constants (m-M isocitrate) have been determined for both isoenzymes of liver and for the slow band of heart. The fast liver band gives a value of O:3, and the slow band of 1. The slow band of heart, however, gave a KIn of O' 3, i.e. different from the value for the homologous band of liver. Thus it remains to be seen whether homologous bands from the two tissues are identical, or merely similar. Estborn and Swedin (1959) reported that acid phosphatase moves almost exclusively as a single band during horizontal starch-gel electrophoresis of human semen using borate buffer of pH 8·9. Thus, it may appear from this that there are no electrophoretically-separable isoenzymes of prostatic acid phosphatase.
It is well known that prostatic acid phos-phatase is very unstable at high pH values : even if the enzyme were to resolve into two or more fractions, the minor bands may be totally destroyed at pH 8· 9 and remain undetected. The effect of horizontal starch-gel electrophoresis of human prostatic phosphatase using buffers of relatively low pH values was investigated, therefore.
During preliminary trials with citrate buffer the enzyme was separated into two components. Electrophoresis using buffers of different pH values and ionic strengths showed that the best resolution was obtained by using 0·2 M citrate buffer of pH 6·2 for the electrode compartments and O·005 M citrate buffer of the same pH for the gel. With these buffers, and by running electrophoresis at 7·5 Vfern. for fourteen hours, the prostatic acid phosphatase separated into three bands. Location of these was essentially by the method described by Moss, Campbell, Anagnostou-Kakaras and King (1961), but using 0·2 M citrate buffer of pH 4· 9. The fastest band was a broad intense zone and had a mobility only slightly less than that of albumin. The middle one was a narrow, intense band, and the slowest band was both narrow and weak.
The question of whether all the three bands were really due to isoenzymes of prostatic acid phosphatase, or whether some of them were due to the presence of alkaline phosphatase or acid phosphatase of the red blood cell then arose. The possibility of alkaline phosphatase action was ruled out, since the bands were not detected on testing at pH 10 instead of the usual pH 4·9. Enzymic activity of all the bands remained uninhibited by formaldehyde, showing that none of the fractions was derived from red blood cells. All tile fractions behaved like prostatic phospha ti se in being largely inhibited by tartrate, and so ali appear to be isoenzymes of prostatic acid phosphatase.
Small differences in the properties of the three fractions were revealed during quantitative study of some of their properties by sensitive spectrofluorimetric methods. The Michaelis constant using disodium~-naphthyl phosphate as substrate has the largest value for the slowest fraction. The Km values for the other two components also show indications that they may be different (Table I) . · . 0·194
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The pH optimum for the slowest band was 5·5; the middle and the fast fractions had broad pH optima curves. The nature of the pHactivity curve for the wide band proved difficult to determine. In the earlier studies, when the less dense regions of the band were excluded, a second small peak was obtained; this could not be demonstrated in later studies in which the whole of the zone was recovered from the gel. This anomaly, together with the observation that the main band is unusually broad with diffuse trailings, suggested the possibility of the existence of some more bands within the wide band.
To test this, this region of the gel was cut into three parts corresponding with the leading edge, middle portion and trailing edge of the band. These segments were frozen, thawed and squeezed. The fluids so obtained were concentrated by dialysis against polyvinylpyrrolidone at 4 0 C. The concentrates were re-electrophoresed.
The fractions of the main band retained their relative mobilities, the fraction with maximum mobility on the original gel having again moved fastest and the fraction with least mobility slowest. Thus the three fractions each had a characteristic mobility suggesting the existence of at least three bands. On re-running the enzyme solutions from four segments of the main band the fractions again retained their characteristic mobility. Further, it was possible to separate several of the fractions after mixing them. This showed very clearly that the main band comprised at least four individual bands.
Increased resolution of the broad band by increasing the voltage or period of electrophoresis was not feasible owing to excessive destruction of the enzyme. The experimental technique was therefore modified by carrying out electrophoresis in the cold room at 4 0 C using a longer tray (30 em, in length compared with the original 19 cm.) at a voltage gradient of 10 Vfcm. for seventeen hours. By these means not only was the wide band separated into a number of bands, but new bands were visible in regions which had appeared as diffuse trailings earlier.
It appears therefore that prostatic acid phosphatase can be separated into at least thirteen, and probably more, bands by starch-gel electrophoresis by using citrate buffer of pH 6·2. These multiple bands do not seem to be artefacts of the electrophoretic process, in that aged and fresh prostatic extracts run on the same gel show different numbers of fractions, the older extract having fewer bands when nearly equal activities are applied to the gels. However, a definite decision must await a study of the properties of the individual bands. Studies of this kind, and of the acid phosphatase fractions from other organs, are currently in progress.
The following papers were then read. Professor A. L. Latner was in the chair. A biochemical method for detecting folic acid deficiency states is provided by the excretion of formiminoglutamic acid (F.I.G.L.U.) following an oral histidine load.
The amino-acid is converted to FIGLU which is normally metabolised to glutamic acid.
overall reaction
FIGLU+tetrahydrofolic acid (THFA)-10 formyl THFA+NH 3+glutamic acid. via FIGLU+THFA~formiminoTHFA+ glutamic acid. In a folic acid deficiency state THFA is not available for formimino transfer and FIGLU accumulates in the urine. Electrophoresis using cellulose acetate paper and conventional voltages as described by Kohn et al. (1961) has achieved widespread acceptance mainly because of the rapidity with which a result may be obtained. The decision as to whether or not ammonia treatment increases the ninhydrin stained glutamic acid spot has been subjective. Visual comparison of the strips leaves no doubt as to the diagnosis in grossly deficient subjects but borderline cases may be overlooked. Scanning the stained strips was not considered a satisfactory quantitative method and a spectrophotometric assay has been developed. Similar areas of paper containing the spots were dissolved in a chloroform/ethanol mixture (9: 1) and the optical density of the solution measured at 500-mfJ. against a blank of cellulose acetate and solvent.
A standard FIGLU curve which obeyed Beer's law was constructed. To increase the optical density readings, 2 em. raised cuvettes and a minimum volume of solvent, 2· 75 ml., were employed. By these means FIGLU excretions previously undetectable by electrophoresis could be assayed. This method has been run in parallel with the satisfactory, though time-consuming, bio-assay of Luhby et al. (1959) to determine its sensitivity and good correlation of results was obtained.
During this work it was noticed that a high percentage of urines from folic acid deficient patients produced a second spot distal to the glutamic acid which, like FIGLU, reacted more strongly with ninhydrin after ammonia treatment. The spot was not found in urine from normal subjects nor was it a storage artifact since it could be demonstrated in fresh specimens.
Silverman et al. (1957) showed that 5 formyl THFA (folinic acid, C.F.) was the specific formyl donor for glutamate, yielding formylglutamic acid (F.G.A.) and THFA. The reaction was readily reversible providing a mechanism for the synthesis of C.F. using FGA as substrate. The latter can be formed by hydrolysis of FIGLU and requires the reduced form of folic acid for its further metabolism. N formylglutamic acid + THFA~5 formyl THFA+glutamic acid.
It seemed reasonable to suppose that in folic acid deficiency states formylglutamic acid might also accumulate and give rise to the" second spot."
Formylglutamic acid was synthesised by Greenstein and Winitz (1961) and its purity confirmed by melting point determinations. Under similar electrophoretic conditions it was found to have a greater mobility than FIGLU and to correspond with the second spot in urine. It also reacted similarly with ammonia.
